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The present paper deals with a tectonic event of Late Ordovician age affecting three blocks of China, i.e. South China, North 
China and Tarim. In the North China and the Tarim platforms, as well as their marginal belts, there was a regional uplift during 
the early Katian Stage of the Ordovician. The uplift was indicated by the unconformities between the Ordovician successions and 
overlying late Paleozoic strata. New biostratigraphic studies of conodonts and graptolites from many sections at Longxian and 
Yaoxian, North China shows that the youngest Ordovician strata are of the early Katian age corresponding to graptolite 
Diplacanthograptus spiniferus Biozone. The same level has been recognized to represent the uppermost Ordovician in the plat-
form area of Tarim, whereas in the marginal belt the top boundary of the Ordovician is slightly younger, corresponding to the 
graptolite Dicellograptus complanatus Biozone. Thus, the regional uplift in North China and Tarim is shown by the disconformity 
between the early Katian strata and Late Paleozoic strata, the onset coinciding with that of the Kwangsian Orogeny in South Chi-
na. The designation Kwangsian Orogeny later fell into disuse and was replaced by the term Caledonian Orogeny. However, in 
terms of geographic location, tectonic nature, and the timing of activity, the Caledonian Orogeny differs significantly from the 
orogenic event in South China, and the continued use of this term in South China is inappropriate and misleading. 
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A major angular unconformity is present between the Lower 
Devonian and the underlying older rocks in southeast China, 
which represents a major tectonic event. The tectonic event 
was first recognized by a Chinese senior geologist, the late 
professor Ting in 1929 [1], who named it with an appropri-
ate term, the Kwangsian Orogenic Movement. This term 
was not, however, commonly adopted by Chinese geolo-
gists and later the tectonic movement was referred to by a 
more popular term, the Caledonian Movement, as suggested 
by the late professor Huang [2]. In recent years, we con-
ducted an intensive study of aspects of the Kwangsian 
Orogeny [3–5] and were able to constrain the timing of its 
onset and stages in South China [6]. On the basis of this 
study, we further recognized a contemporary tectonic event 
in North China and Tarim, though in different magnitudes 
and time durations. Therefore, we extend our study into 
these presumably related tectonic movements in North Chi-
na and Tarim, based mainly on stratigraphic and palaeonto-
logical evidence. 
The Kwangsian Orogeny might include two stages: (1) 
the uplift stage, which started from the Diplacanthograptus 
caudatus-Diplacanthograptus spiniferus Biozone interval 
and extended into early Silurian in a stepwise manner, and 
(2) the final orogenic paroxysm as indicated by the angular 
unconformities to the east of Xuefeng Mts. and the discon-
formities on Yangtze Platform. Recently, we published an-
other paper dealing with the onset of the Kwangsian Orog-
eny based on biofacies and lithofacies across South China 
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[7], in which we recognized that the interval of the origina-
tion of Kwangsian Orogeny also coincided with tectonic 
uplift events in the neighboring blocks, i.e. North China and 
Tarim. Their coincidence in three separate blocks of China 
seems to represent a major tectonic event during the Early 
Paleozoic in China. In geological scale, tectonic events that 
happened within the same interval of 2–3 million years 
would be reasonably treated as simultaneous. As a conse-
quence of this uplift, an erosion surface was formed on the 
top of the Ordovician in North China and Tarim, which may 
have facilitated the later movement of oil and gas. 
In order to date this uplift, the present study reviews the 
published conodont records from the top part of the Ordovi-
cian carbonate sequences at different localities on the plat-
forms and marginal belts of North China and Tarim. Grap-
tolites from near the top of the Ordovician successions in 
these regions are also studied herein. Dating of the uncon-
formities of late Ordovician in both North China and Tarim 
is critical as they indicate the initiation and end time of the 
uplift. However, the erosion surfaces in the top part of the 
Ordovician in these two blocks do not seem to be synchro-
nous, which indicates the presumably asynchronous end of 
the erosion in different parts of the platform and marginal 
belt, and therefore can be used to constrain approximately 
the timing of the uplift. We expect that the present integrat-
ed study of the uplift events across the three major blocks of 
China may significantly improve our understanding of the 
geological history of the China. 
1  Top surface of the Ordovician in North China 
The Ordovician rocks on the platform of North China are 
dominated by shallow-water limestone and dolomitic lime-
stone containing abundant shelly fossil faunas and cono-
donts. Graptolite-bearing shale occurs only in the west mar-
ginal belt to the platform [8]. Conodonts are definitely the 
most useful fossil group for dating the Ordovician rocks on 
the platform, whereas both graptolites and conodonts are 
biostratigraphically diagnostic for the strata of the marginal 
belt.  
Our review of the Darriwilian–Sandbian conodont bio-
stratigraphy of the platform region of North China aims to 
clarify the youngest age of the Ordovician carbonate suc-
cession below the unconformities with overlying middle- 
upper Paleozoic strata. Chinese authors, especially An et al. 
[9], collected hundreds of samples from many key sections 
and illustrated quite a few conodont taxa based on their col-
lections. They identified a number of new taxa, and estab-
lished a conodont zonation, which has been adopted for the 
entire region. However, many of the key conodont taxa are 
more or less endemic and are not recorded elsewhere, for 
instance, in Baltoscandia and North America. This makes it 
somewhat difficult to precisely correlate most of the Darri-     
wilian and Sandbian conodont zones in the region to those 
of Baltoscandia and North America. Nevertheless, the oc-
currence of a few diagnostic species in North China, such as 
some representative species of Lenodus and Eoplacog-
nathus, provides important ties to the Baltoscandian succes-
sions. The Middle-Late Ordovician faunas from the plat-
form region of North China are by and large more similar to 
the coeval faunas of the North American Midcontinent than 
to the Baltoscandian ones, as evidenced by the occurrence 
of Belodina, Plectodina, Microcoelodus and Erismodus in 
North China. On the other hand, the conodont faunas exhib-
it their own provincial characters, as indicated by the com-
mon occurrences of Baduodus, Tasmanognathus, Yaoxianog-
nathus and Aurilobus, etc. 
An et al. [9] proposed the first conodont-based correla-
tion chart for the platform region of the North China plat-
form, which summarized the youngest age of the Ordovi-
cian successions. In the correlation chart, the tops of the 
Ordovician in North China (NC) are represented by the 
Upper Machiakou Formation in Benxi and Tangshan (North-
ern NC) and Huinan (Northeastern NC), by the Fengfeng 
Formation (split by some specialists into Gezhuang and 
Badou formations in ascending order) in Fengfeng, Xintai 
and Xuzhou (Central and Eastern NC). However, on the 
west marginal belt at Longxian, the topmost part of the Or-
dovician is represented by Beiguoshan Formation, whose 
age is slightly younger than in the platform region (Figures 
1 and 2). An et al. [9] recognized a Belodina compressa- 
Microcoelodus symmetricus Biozone in the upper member 
(Badou Member) of the Fengfeng Formation at Sishui, 
Mengyin, Boshan, Penglai (Shandong Province), Handan 
(Hebei Province) and Tongchuan (Shaanxi Province). A 
similar conodont association was found in a few drill cores 
in Shandong Province, but no conodonts were recorded 
from the topmost 50 meters of the member, which suggest-
ed that the top could be slightly younger. The identifications 
are reasonable based on our currently somewhat incomplete 
understanding of the taxonomy of these faunas. The few 
illustrated conodont species from the type section of the 
Fengfeng Formation at Handan, Hubei Province, were not 
provided with sampled levels, which significantly limits 
their biostratigraphic utility. 
The youngest conodont taxa from the Badou Member of 
the Fengfeng Formation at Boshan and Mengyin, Shandong 
Province, as shown by An et al. [9, Figure 8], include 
Badoudus badouensis, Panderodus gracilis, Belodina com-
pressa, Microcoelodus asymmetricus (including M. sym-
metricus as a multielement species), Erimodus typus and 
Tasmanognathus sishuiensis. This conodont association is 
comparable to that of the Plectodina aculeata-Erismodus 
quadridactylus Biozone as represented in the Joachim-Plattin 
formations in the Upper Mississippi Valley of North Amer-
ica [10]. In terms of global standard stages, this interval is 
of late Sandbian age and corresponds largely to the grapto-
lite Climacograptus bicornis Biozone. In the southern part 
of North China, Pei and Cai [11] investigated the conodonts 
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of the Fengfeng Formation in Boai, Hebi, Anyang and 
Tongye counties, Henan Province. In this study a few spe-
cies from the Fengfeng Formation in Queshan, Boai, Hebi 
and Anyang (Henan Province) were illustrated [11] (Figure 
1). They identified a conodont zone, the Tasmanognathus 
careyi Biozone, in the lower member of the Fengfeng For-
mation in the area, which is just above the Aurilobodus ser-
ratus Biozone in the topmost Machiakou Formation. They 
correlated the T. careyi Biozone to its equivalent in Tasma-
nia, Australia. However, in a recent revision of T. careyi 
based on the type material and additional collections from 
the latest Sandbian to earliest Katian Benjamin Limestone 
of Tasmania by Zhen et al. [12], most of the identifications 
of this species from North China were questioned. Hence, 
the validity of Pei and Cai’s [11] biozone recognition is in 
doubt. At any rate, because this zone is in the lower Fengfeng 
Formation, it has no direct bearing on the dating of the 
topmost part of the Ordovician succession in this region. Pei 
and Cai [11, Figures 2–8] listed Microcoelodus symmetricus, 
Belodina compressa, B. confluens (=B. compressa), Eris-
modus typus and Microcoelodus sp. from the lower-middle 
part of the Upper Member of the Fengfeng Formation at 
Anyang, Henan, which suggested a late Sandbian age, and 
based on which M. symmetricus Biozone was recognized 
and correlated to the B. compressa-M. symmetricus Biozone 
in Shandong and Hebei Provinces. As evidenced by the ab-
sence of the upper member of the Fengfeng Formation at 
Boai, Henan Province [11], it seems likely that at some lo-
calities portions of the Fengfeng Formation was eroded after 
the emergence (Figure 1). 
Wang and Luo [13] identified a conodont fauna from the 
Beiguoshan and Taoqupo formations in Longxian and 
Yaoxian on the western margin of North China (Figure 1). 
One year later, An et al. [14] also illustrated a few cono-
donts from the Taoqupo Formation at the same locality in 
Yaoxian, Shaanxi Province. The Taoqupo Formation repre-
sents the topmost part of the Ordovician in the Shaanxi 
Province, and contains a conodont association of Belodina 
compressa, Yaoxianognathus yaoxianensis, Dapsilodus 
mutatus, and Phragmodus undatus, which suggests an early 
Katian age, and hence slightly younger than Fengfeng For-
mation.  
The Beiguoshan Formation represents the topmost part of 
the Ordovician in the Gansu Province. The conodont fauna 
of the formation, which has been described by Wang and 
Luo [13] and An and Zheng [15], includes, among others, 
Belodina confluens, Protopanderodus insculptus, and Scab-
bardella similaris, suggesting an early Katian or younger 
age. The formation is largely equivalent to the Taoqupo 
Formation in the neighboring Shaanxi Province [8]. 
In brief, the available conodont evidence indicates that 
the top of the Ordovician succession in most parts of the 
platform region of North China is of Sandbian age, whereas 
that on the west and south marginal belts of the platform is 
of early Katian age. Hence, the erosion surface at the top of 
the Ordovician in North China is of an age prior to late 
Katian. 
Graptolites are very rare in the platform region of North 
China. Only one species, Didymograptus cf. pandus Bul-
man, is described from the Upper Machiakou Formation 
near Huaibei City, N. Anhui [16]. The age of the species, 
commonly middle Darriwilian, agrees with that of the co-
nodont fauna in the southern part of North China. Fortu-
nately, along the marginal belt of the platform, biostrati-
graphically diagnostic graptolite faunas are present. In 
Longxian, Shaanxi Province, four graptolite species, the 
Diplacanthograptus spiniferus (Ruedemann), D. lanceola-
tus Vandenberg, Dicellograptus flexuosus Lapworth and  
 
Figure 1  Orientation map to show the localities examined in North China and Tarim. Ka, eastern parts of Kazakhstan Block; Ta, Tarim; Ax, Alashan 
Block; Nc, North China; Ch, Chaidam Block; Tb, Tibet Bltock; SG, Songpan-Garze (Ganzi) Block; QD, Qinling-Dabie orogen; Sc, South China; 1, Wushi, 
Xinjiang; 2, Kalpin, Xinjiang; 3, Kuqa, Xinjiang; 4, South Luntai, Xinjiang; 5, Central Tarim, Xinjiang; 6, Southern Korla, Xinjiang; 7, Kuruktag, Xinjiang; 8, 
Ordos, Inner Mongolia; 9, Huinan, Jilin; 10, Benxi, Liaoning; 11, Tangshan, Hebei; 12, Tongye, Henan; 13, Xintai, Hebei; 14, Boshan, Henan; 15, Penglai, 
Shandong; 16, Anyang, Henan; 17, Hebi, Henan; 18, Boai, Henan; 19, Sishui, Shandong; 20, Mengyin, Shandong; 21, Huaibei, Anhui; 22, Xuzhou, Jiangsu; 
23, Longxian, Shaanxi; 24, Yaoxian-Jingyang, Shaanxi. 
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Orthograptus whitfieldi (Hall) occur in the top part of 
Longmendong Formation, which is overlain by the Beigu-
oshan Formation. The first occurrence of D. spiniferus may 
indicate the base of the eponymous biozone. The others 
might range down into the underlying Diplacanthograptus 
caudatus Biozone. The Beiguoshan Formation bears a 
shelly fauna, including trilobites, nautiloids and brachiopods, 
and conodonts as well. The shelly fauna indicates a late 
Caradocian age [17]. Based on the conodonts, one of the 
present authors (WZH) recognized the Yaoxianognathus 
yaoxianensis-Belodina confluens Biozone from the for-
mation [8], which is of early Katian age. 
In Yaoxian and Jingyang counties on the southwest mar-
ginal belt of North China, a graptolite fauna from the 
Taoqupo Formation, which represents the local top of the 
Ordovician, was described by Lin [18]. An unconformity 
separates the Taoqupo Formation and its overlying rocks, 
the Benxi Formation of the Pennsylvanian (Carboniferous). 
A reinvestigation of this graptolite fauna during the present 
study by Chen Xu resulted in revised identifications of the 
Taoqupo Formation graptolites. After the revision, the fauna 
contains Diplacanthograptus lanceolatus Vandenberg, Or-
thograptus quadrimucronatus (Hall), O. calcaratus acan-
thocladus Lin, O. longithecalis Mu and Zhang, Rectograp-
tus amplexicaulis (Hall), R. intermedius (Elles and Wood), 
R. pauperatus (Elles and Wood), Amplexograptus maxwelli 
Decker, A. praetypicalis Riva, A. praetypicalis subsp. nov., 
Anticostia sp. nov., and Normalograptus cf. daviesi (Wil-
liams). Camera-lucida drawings of these specimens are in-
cluded in the present paper. Species of orthograptids in the 
fauna have a relatively long range through the early Katian. 
However, the occurrences of A. praetypicalis, A. maxwelli 
and D. lanceolatus may indicate an interval of the D. spi-
niferus Biozone that is coeval with the same biozone of the 
Yingan Formation at Dawangou, Kalpin in western Tarim 
[19]. The other forms in this fauna, largely endemic, possess 
less correlative value.  
As mentioned above, the age of the graptolite fauna or 
species on the platform region and west marginal belt of 
North China, is in agreement with that shown by the cono-
donts on the platform and suggests that the topmost part of 
the Ordovician succession is of an age corresponding to D. 
spiniferus Biozone or older. Upper Katian and Hirnantian in 
this large region are completely missing (Figure 2). 
2  Top surface of the Ordovician in Tarim 
Ordovician rocks in the Tarim basin are dominated by car-
bonates containing conodonts. The conodonts were obtained 
mainly from drill cores of oil companies. Zhao Zhixing, a 
senior geologist of Petro China, with his colleagues pub-
lished the conodonts from the Ordovician outcrops as well 
as drill core samples in the Tarim basin [20]. A few grapto-
lite specimens were obtained from the drill cores in central 
Tarim [21] and many more specimens have been collected 
from the marginal belts, i.e. the Kalpin area in the west and 
Kuruktag area in the east [22]. Most of our knowledge 
about conodonts from the uppermost part of the Ordovician 
in the subsurface of the Tarim Basin is based on the exten-
sive monograph by Zhao et al. [20] on collections from drill 
cores. Their information indicates that the stratigraphically 
uppermost conodonts in most drill cores are of pre-Katian 
age. However, a record of Aphelognathus pyramidalis from 
a drill core at South Luntai (#Ln 46) [20, pl. 48, Figures 10, 
11, 17] suggests a Katian age, indicating the highest top  
 
Figure 2  A correlation of the topmost Ordovician in North China and Tarim. 
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surface of the Ordovician within the Tarim basin.  
Additional useful information about conodonts from a 
drill core south of Luntai in the Taklimakan desert is pro-
vided by Wang and Qi [23]. They recognized the Aphelog-
nathus pyramidalis Biozone as the youngest conodont zone 
of the Ordovician succession. This biozone, also recognized 
in the Kuruktag area in eastern Tarim, is characterized by 
the species association of, among others, A. pyramidalis, 
Belodina confluens, Pseudobelodina dispansa and Taoqu-     
pognathus blandus, which indicates an early Katian age. 
Upper Katian and Hirnantian are missing everywhere as 
indicated by all available data, and it seems likely that early 
Katian deposits are very poorly represented in the subsur-
face of Tarim Basin. 
Graptolites are very rare in the Tarim basin. Chen et al. 
[22] recorded from a drill-core near south Kuqa (Figure 1) 
the graptolites Amplexograptus praetypicalis Riva, Rec-
tograptus amplexicaulis (Hall), and Hustedograptus cf. ter-
etiusculus (Hisinger), a species association suggesting an 
age no younger than the Diplacanthograptus spiniferus Bio-      
zone. So far, this is the only known location yielding grap-
tolites within Tarim Basin and the graptolites-bearing level 
may represent the local top of the Ordovician. The top sur-
face of the Ordovician within Tarim basin might be of the 
same age (i.e. the D. spiniferus Biozone) as that in the 
Dawangou section, which is situated in the upper slope belt 
of the western Tarim marginal belt. Thus, the data available 
indicate the occurrence of an uplift event in both Tarim ba-
sin and the western upper slope belt, which caused a con-
temporary emergence of the regions. However, a Dicello-
graptus complanatus Biozone fauna was recorded from 
Wushi County to the north of Kalpin, where belongs to the 
lower slope facies of the western marginal belt [22]. At this 
locality, D. complanatus Lapworth is associated with Anti-
costia macgregorae Stewart and Mitchell and the fauna 
represents the D. complanatus Biozone. On the east side of 
Tarim, a similar D. complanatus fauna occurs in South 
Korla as well as in the Kuruktag region.  
In terms of conodont biostratigraphy in the west marginal 
belt of Tarim, the youngest Ordovician strata (i.e. the 
Yingan Formation of early Katian age, or the Tierekeawati 
Formation of possibly late Katian age) in the well-known 
Dawangou succession yields no conodonts. At Dawangou, 
the youngest recovered Ordovician conodonts are from the 
Kanling Formation (latest Sandbian) and they represent the 
Baltoniodus alobatus Subbiozone of the Amorphognathus 
tvaerensis Biozone [24]. However, at Yakrik, Wushi Coun-
ty, ca. 70 km west of Aksu, a significantly younger cono-
dont fauna has recently been recorded [25]. The biostrati-
graphically youngest conodont species association in this 
thick succession includes, among others, Aphelognathus 
pyramidalis, A. politus, Phragmodus? tunguskaensis, Yao-     
xianognathus yaoxianensis, and Belodina confluens, a spe-
cies association indicating an early to middle Katian age, 
which might be about the D. spiniferus Biozone interval. 
The conodonts-bearing interval is succeeded by shaly strata 
containing graptolites of the Dicellograptus complanatus 
Biozone. The strata presumably present between the cono-
dont and the graptolite beds have not yet been confirmed at 
Yakrik. The current authors recognized that the top surface 
of the Ordovician in Wushi, where seems to be lower slope 
facies, is comparable in age with that of the similar facies at 
South Korla and Kuruktag, and may represent stratigraphic 
level higher than in Tarim Basin (Figure 2).  
Recently, Tang Peng and others (per. comm.) success-
fully identified a chitinozoan association of Armoricochitina 
yinganensis Biozone from the Tierekeawati Formation (the 
basal part of the former Kalpintag Formation), which is 
closely correlated with the chitinozoan association of late 
Katian from the Xiazhen and Hongjiawu formations in the 
Yushan of eastern Jiangxi Province, South China. The dis-
covery of this late Katian chitinozoans association from the 
Tierekeawati Formation confirms the presence of strata 
corresponding to graptolite Dicellograptus complanatus 
Biozone in the Kalpin area, and indicates the development 
of a minor hiatus between the Yingan Formation and the 
overlying Tierekeawati Formation. In the Yakrik area to the 
northwest of Kalpin, the presence of strata corresponding to 
Dicellograptus complanatus Biozone has been confirmed 
[22], but the presence or absence of younger Ordovician 
strata has to be confirmed by further study. In the Kuruktag 
area of eastern Tarim, late Ordovician marine strata corre-
sponding to the Dicellograptus complanatus and Dicello-
graptus ornatus biozones have been confirmed, whereas 
younger strata might be missing there. So, the overall uplift 
of late Ordovician in the eastern and western Tarim is 
slightly younger than that in the central platform area. 
3  Equivalence of the Early Katian Uplift in 
Southeastern China, North China, and Tarim 
It is widely known that continental emergence may be 
caused by two factors, namely eustatic sea level lowering or 
regional cratonic uplift, or more rarely, a combination of 
these processes. An example of the first process is the global 
Hirnantian regression caused by the formation of geograph-
ically very extensive glaciers in the Gondwana region. The 
magnitude of the Hirnantian eustatic regression ranges, as 
commonly estimated, from tens of meters to over 100 me-
ters. This sea level fall resulted in the emergence of the 
former shallow-water regions and simultaneously a change 
from sediments deposition into erosion. An example of re-
gional cratonic uplift without clear evidence of a major eu-
static sea level lowering is the late Early–early Middle Or-
dovician succession in the Midcontinent of North America, 
where a several million years long period of regional non- 
deposition resulted in the formation of the widespread and 
very prominent Sauk–Tippecanoe unconformity [26]. 
The broadly coeval interruptions of deposition in south-
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east China, North China Platform, and Tarim as described 
above were initiated in the early Katian of the Late Ordovi-
cian Series. Typically, the platform regions of shallow-water 
depositional environments became emergent first while in 
the deeper-water regions along the platform margins the 
depositional process continued until their eventual, later 
emergence. In most regions dealt with herein, Hirnantian 
and Silurian strata are absent and deposition was not re-
sumed until Devonian-Carboniferous time.  
Indeed, there are various significant problems with little 
agreement in the published Ordovician eustatic sea level 
curves [27–31]. Nevertheless, a review of Sandbian-Katian 
sea level curves from North America [30] and Baltoscandia 
[29,31] suggests the absence of a major early Katian sea 
level lowering that could be interpreted as coeval with, and 
hence caused, the emergence of the Chinese regions dealt 
with herein. Accordingly, we feel that this emergence was 
not directly associated with a eustatic sea level lowering but 
represents a true continental tectonic uplift. The absence of 
ophiolites and other evidence of plate collision suggest that 
at least initially, the uplift was not related to any collisions. 
As shown in Figure 3, the Chinese regions dealt with 
herein were located rather closely together and far from the 
Caledonian area in northwestern Europe and the corre-
sponding region in the Appalachians of eastern North 
America. As noted above, this makes it highly unlikely that 
the tectonic event referred to as the Kwangsian Orogeny 
herein has anything at all to do with the Caledonian Oroge-
ny. On the other hand, the relatively close geographical as-
sociation of the North China Platform and Tarim supports 
the idea that the uplifts of these regions may have been ge-
netically related. However, whether this regional uplift has 
any relationship to the broadly coeval Kwangsian Orogeny 
in southeastern China requires further study, although these 
events happened within the same time interval. In these 
matters, particular guidance from tectonic specialists is in-
dispensable.  
4  Conclusions 
Both the graptolite and conodont evidence supports the 
conclusion that the uplift in most platform regions of North 
China is of late Sandbian to early Katian age. The west 
marginal belts of North China emerged during the early 
Katian, which coincides with the graptolite record of Diplacan-      
thograptus spiniferus Biozone. The occurrence of the Katian 
conodont species Aphelognathus pyramidalis within the 
Tarim Basin provides a date of the youngest Ordovician 
strata, which coincides roughly with or is slightly younger 
than the occurrence of the graptolite Amplexograptus prae-
typicalis, etc. in a drill core in Central Tarim. Thus, we as-
sume that the Tarim Platform once emerged in the early 
Katian, but its western and eastern marginal belts might 
have been uplifted later during the late Katian Dicellograp-
tus complanatus Biozone interval. For readers’ reference, 
we illustrate herein some figures of the discussed graptolites 
and conodonts that serve as major evidence to support our 
conclusions (Figure 4). The broadly contemporary uplift of 
North China and most of Tarim during late Sandbian-early  
 
Figure 3  Map showing the reconstructed global palaeogeography in Sandbian (late Ordovician). Note the differences between the northeastern Pe-
ri-Gondwanan region, where South China, North China and Tarim were located (blue dash line), and the plates around the Iapetus Ocean (i.e. Laurentia, 
Siberia, Baltica and Avalonia. Red arrows indicate rifting directions). The base map is after Goldman et al. [32], PaleoGIS 4.0 for ArcGIS: The Rothwell 
Group, L.P. (www.paleogis.com).  
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Figure 4  Illustration of the Katian graptolite and conodont taxa discussed in the text. Graptolites (from the Taoqupo Formation at Taoqupo, Yaoxian, 
Shaanxi Province, except for those specified): (a) Amplexograptus maxwelli Decker, 1935 (=Orthograptus nodulus Lin sensu Lin, 1996 [18]), NIGP118698. 
(b), (g), (q) Amplexograptus praetypicalis Riva, 1987. (b) (=Orthograptus calcaratus vulgatus Lapworth sensu Lin, 1996 [18]) NIGP118679. (g) 
(=Diplograptus vespertinus Ruedemann sensu Lin, 1996 [18]) NIGP118639. (q) NIGP152520, central Tarim, Diplacanthograptus spiniferus Biozone. (c), (e) 
Rectograptus intermedius (Elles and Wood, 1907). (c) (=O. calcaratus basilicus Lapworth sensu Lin, 1996 [18]), NIGP118664. (e) (=Diplograptus ves-
pertinus Ruedemann sensu Lin, 1996 [18]), NIGP 118643. (d) Rectograptus amplexicaulis (Hall, 1847) (=Diplograptus vespertinus Ruedemann sensu Lin, 
1996 [18]), NIGP118638. (f) Rectograptus pauperatus (Elles & Wood, 1907) (=O. truncatus pauperatus Elles and Wood sensu Lin, 1996 [18]), 
NIGP118689. (h) Orthograptus calcaratus acanthocladus Lin 1996, NIGP118660 (Holotype). (i) Orthograptus quadrimucronatus (Hall, 1865) (=Or-     
thograptus calcaratus gracillinuis Lin sensu Lin, 1996 [18]). C. (D.) spiniferus Biozone. The characteristics of the specimen agree well with those of the 
same species from Quebec, Canada [33]. NIGP118671.  (j) Diplacanthograptus spiniferus (Ruedemann, 1912). Yingan Formation at Dawangou, Kalpin, 
Xinjiang, NIGP127031 (Nj 571). (k), (o) Diplacanthograptus lanceolatus (VandenBerg, 1990). (k) (=Climacograptus pseudoparvus He sensu Lin, 1996 
[18]), NIGP118654. (o) (=Climacograptus pseudoparvus He sensu Lin, 1996 [18]), NIGP118654. (l) Amplexograptus perexcavatus (Lapworth, 1876) 
(=Orthograptus nodulus Lin sensu Lin, 1996 [18]), NIGP118696. (m) Normalograptus cf. daviesi (Williams, 1982) (=Glyptograptus daviesi Williams sensu 
Lin, 1996 [18]), NIGP118648. (n) Rectograptus longithecalis Mu et Zhang, 1982, NIGP118684. (p) Dicellograptus cf. complanatus Lapworth, NIGP152534 
(AFT-X148a), Yingpinshan Formation at Mt. Queerquek, Kuruktag, Xinjiang. (r) Anticostia macgregove Stewart & Mitchell, 1997, NIGP152524, Yakrik, 
Wushi, Xinjiang, Dicellograptus complanatus Biozone (Wyk-HB-26-10). (s) Anticostia sp. nov. (=Orthograptus longithecalis Mu et Zhang sensu Lin, 1996 
[18]), NIGP118689.  Conodonts: (t), (u), (v) Aphelognathus pyramidalis (Branson, Mehl et Branson, 1951). (t) Lateral view of Pb element, Ln 46 Well, 
Tarim of Xinjiang, Upper Ordovician Lianglitag Formation, Ln46/132427; (u) Lateral view of Pb element, Wushi of Tarim of Xinjiang, Upper Ordovician 
Lianglitag Formation, G99-2068/2000-2-27; (v) Lateral view of Pb element, Wushi, Tarim of Xinjiang, Upper Ordovician Kalpintag Formation, 
WYK-Y-14-04. (w), (x), (a′) Belodina compressa (Branson et Mehl, 1933). (w), (a′) Lateral views of S1 element, Taoqupo of Longxian, Shaanxi, Upper 
Ordovician Beiguoshan Formation, Leb4-1/65336; (x) Lateral view of M element, Yaoxian of Shaanxi, Upper Ordovician Taoqupo Formation, 
Yt40-1/65252. (y), (z), (b′), (c′) Yaoxianognathus yaoxianensis An, 1985. (y) Lateral view of Pb element, Lijiapo of Longxian, Upper Ordovician Beigu-
oshan Formation, Leb15-1/65304; (z) Lateral view of Pb element, Taoqupo of Yaoxian, Shaanxi, Upper Ordovician Taoqupo Formation, Tp31y13/84527; (b′) 
Lateral view of Pb element, Longmendong of Longxian, Shaanxi, Upper Ordovician Longmendong Formation, Lh28-1/65306; (c′) Lateral view of S element, 
Taoqupo of Yaoxian, Shaanxi, Upper Ordovician Taoqupo Formation, Tp31y13. (d′), (e′), (f′) Belodina confluens Sweet, 1979. (d′) Lateral view of M ele-
ment, well in Tarim Basin of Xinjiang, Upper Ordovician Lianglitag Formation, Tc1/ 98-2-3-17; (e′) Lateral view of S1 element, well in Tarim Basin of 
Xinjiang, Upper Ordovician Lianglitag Formation, Tz15/98-2-3-15; (f′) Lateral view of S1 element, Bachu of Xinjiang, Upper Ordovician Lianglitag For-
mation, Nj688/122669. Note: The conodont photos are from Wang and Luo [13], An et al. [14], Zhao et al. [20] and Jing et al. [25]. The length of vertical 
scale=1 mm, the horizontal scale=100 m.  
Katian coincides temporally with the initiation of the Kwang-
sian Orogeny in southeast China, which may be interpreted 
as an early Katian regional tectonic event within the scope 
of the three major blocks of China. Based on the data at 
hand, we suggest that this emergence event is not caused by 
a eustatic sea-level lowering but represents a regional tec-
tonic uplift in the northeastern peri-Gondwanan regions. For 
this, the use of the term Kwangsian Orogeny is far more 
appropriate than the continued use of the term Caledonian 
Orogeny because the Chinese tectonic event is quite un-
likely to have any relationship at all with the latter’s moun-
tain-building process in northwestern Europe. 
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